Population status of Sphyrna lewini in the northwestern Pacific was estimated by demographic ana lyses using the best available life history parameters. Demographic tables were constructed using esti mates of natural mortality (M) of 0.558/year for age 0 and 0.279/year for ages 1-15 with maximum age of 15. A fixed fecundity was set as 12.9 female embryos per litter and an age-specific fecundity was from N=(-26.105+0.179L)/2.
Sphyrna lewini is the most common and commercially important large shark in Taiwan. This species is abundant in northeastern Taiwan waters from Pung Chia Island to Guei-Shan Island. 18) Based on daily catch data (1989) (1990) (1991) (1992) (1993) from Nan Fan Ao fish market, northeastern Taiwan, the annual landing of S. lewini is about 5100 individuals, 340 MT in weight, representing 25% of the total shark catch and ranking the first among all shark species caught in that area. 
Materials and Methods
The parameters of life history on S. lewini were adapted from the best biological information available. Age at maturity for females (tmat) has been estimated to be 4.7 years old and the maximum age in the catch has been esti mated to be 12 years in the northeastern Taiwan waters.21) Branstetter21) estimated tmat for females to be 15 years and the maximum age (longevity; tmax) to be 35 years on S. lewi ni in the Gulf of Mexico. Thus, tmax for S. lewini was set to be 15 and 35 years and tmat was assumed to be 5 and 15 years in different trials. It was assumed that all females reproduced after reaching maturity in this study. Gesta tion period was estimated to be 10 months;18) however, no large fertilized eggs were found with full term embryos in the uterine suggesting that females give birth once every two years at most. The sex ratio (females:males) of em bryos was reported to be 1:1 although it increased to be 2:1 for immature individuals and 5:1 for matured individ uals.22) The number of embryos counted from 110 gravid fe males ranged from 12 to 38 with an average of 25.8 and increased with total length.22) A fixed fecundity was set to be 12.9 female embryos per litter. Age-specific fecundity was estimated from the relationship between the number of uterine female embryos and total length as follow: N=(-26.105+0.179L)/2 (r2=0.321, n=110 The parameters of von Bertalanffy growth equation (VBGE) were estimated to be L.=319.72 cm, K=0.249/ year, to=-0.413 year for females") and L.=329 cm, K=0.073/year, to=-2.2 year for sexes combined.") Natural mortality rate (M) was estimated from Hoenig's equation 21) In (Z)=1.46-1.01 In (tmax), where Z is total mortality rate per year and tmax is longevity in years. Natur al mortality rate approximates to total mortality rate when applied to unexploited or lightly exploited stocks. It has been suggested that young S. lewini are preyed upon heavi ly by adult males of their own species and other large sharks.'") Therefore, natural mortality (M) Demographic parameters were calculated following Krebs:251 net reproductive value per generation, Ro=E (1 / 2)m,11, generation length in years G=E (1/2)x1XmX/Ro, intrinsic rate of natural increase r= (In Ro)/G, population increase rate A=er, theoretical population doubling or halving time in years tom=(In 2)/r and tom=(ln 0.5)/r, respectively, where mx is fecundity at age x. Assuming population was in equilibrium (r=0) and natural mortali ty from age 1 to the oldest was constant, the survival rate of age 0 (So) could be calculated from the following equa tion: 26) where I is the oldest age of the population, S; is survival rate from age j to j+1.
Sensitivity analysis was carried out to evaluate the rela tive importance of the life history parameters used in demographic analyses. Parameters of input and output in scenario 1 were used as the original values for compari son. The sensitivity (T(p)) was calculated from Liu and Chang's equation27) as follows: The first set analyses, consisting of three different scenar ios based on the best available biological parameters: Xmat=5, Xmax=15 and without fishing mortality. In scenar io 1, fecundity was fixed, natural mortality of ages 1-15 (Ml M15) were the same (0.279/year) and that of age 0 (Mo) was doubled (0.558/year). In scenario 2, fecundity was fixed and natural mortality of ages 0 to 15 were the same (0.279/year). In scenario 3, natural mortality were the same as scenario 1 but fecundity varied with age.
In the second set analyses, growth parameters were set as Xmal=15, Xmas=35 and three scenarios were simulated. In scenario 4, fecundity was fixed and natural mortality of ages 1-35 (Ml-M35) were the same (0.119/year) and Mo was doubled (0.238/year). In scenario 5, fecundity was fixed and natural mortality of ages 0-35 were the same (0.119/year). In scenario 6, natural mortality were the same as scenario 4 but fecundity varied with age.
In the third set of analyses, the effects of instantaneous fishing mortality rate (F) on the demography of S. lewini were examined by including varied values of F in the sur vivorship function. Fishing mortality of 0.1-0.7/year be gan at ages of 2, 3, 4, 5, 6, 8, and 10 years were added to scenario 1, and fishing began at 5, 10, 15, 18, and 20 years were added to scenario 4. Proportion of survivors at the age in full (1X) was calculated from lX=No e 1F+M>z where No, the initial population, was set to be 1, Mis instantane ous natural mortality rate, and x is age.
Results
The output of scenario 1 suggested that S. lewini was a healthy and increasing population without exploitation. The net reproductive value (R0) was estimated to be 4.74 per generation, the generation length (G) to be 7.57 years, the intrinsic rate of natural increase (r) to be 0.205 and population increased at 22.8% per year and was doubling every 3.37 years (Table 1) . With the same natural mortality for ages 1-15, population replacement (r=0) was attained when survival rate of age 0, So=0.12 (Mo=2.113 /yr). Any increase of Mo would cause population to decline. In scenario 2, R0, r and d increased, but G maintained the same level and tx2 decreased comparing with scenario 1 (Table 1) . In scenario 3, decreases of R0, r and A were found and greater G and tx2 were noted ( Table 1) .
The output of scenario 4 also suggested a healthy and increasing population with Ro=7.86, G=11.96 years, r=0.172, and population increased at 18.8% per year. Comparing with results of scenario 4, Ro, r and .1 increased, G maintained the same level and t,2 decreased 5.5% in scenario 5. In scenario 6, Ro and G decreased, but r, .1 and t increased comparing with scenario 4 (Table 2) .
When fishing mortality is added on scenario 1 at the lev el of F=0.3, population increased from -3% to 22.9% per year and generation time increased from 6.26 to 7.0 years as age at first capture (Xe) increased from age 2 to age 10 (Table 3 ). If fishing began at age 5, r decreased from 0.176 to -0.007 and population increase rate decreased from 19.2% to -0.7% per year, R0 decreased from 3.42 to 0.96 per generation and G decreased from 7.0 to 5.60 as F increased from 0.1 to 0.7 (Table 4 ). If fishing began at age 2, population decreased as F=0.2 or greater (Table 2) .
When fishing mortality is added in scenario 4 at the level of F=0.3, A increased from -17.6% to 12.5% per year as X, increased from age 5 to age 20 (Table 5) . If fishing started at age 15, r decreased from 0.117 to -0.012, A decreased from 12.4% to -1.2%, R0 decreased 81 % and G is stable as F increased from 0.1 to 0.7 (Table 6 ). However, if fishing started at ages 5 or 10, r was always negative as long as F=0.2 or greater.
Sensitivity analyses indicated that changing mortality had significant effects on R0, r and tx2. The mortality of juvenile stage (ages 1-4) was more sensitive than those of larval stage (age 0) and adults either with or without fishing mortality (Tables 7, 8 ). Similar results were reported by Cortes14) for Atlantic sharpnose shark, Rhizoprionodon terraenovae. Age-specific fecundity and age at first capture had great effect on R0 but moderate Chen et al. 22 ) examined 110 gravid females of a variety of sizes and reported that female S. lewini do not reach 100% mature until they are about 4.7 years old calculated using the size at maturity (230 cm) and the VBGE. Branstetter21) suggested similar size at maturity of 250 cm for females in the Gulf of Mexico but with different age of 15 years. This might be due to different environments and estimates of annulus periodicity. Chen et al.18) proposed that the annulus of vertebrae formed twice per year based on 325 specimens but Branstetter21) suggested once per year based on 25 specimens. The small sample size and lack of samples in several months might lead to Branstet ter's21) misinterpretation of annulus periodicity. Chen et al.'s18) estimation based on larger sample size was believed to be a better description for S. lewini in the northwestern Pacific. However, further studies are needed to determine the proportion of adults in each age class that are actually breeding.
Many large sharks reproduce every year, i.e., the bigeye thresher, Alopias superciliosus,29) the pelagic thresher, Alo pias pelagicus,301 and the spinner shark, Carcharhinus brevipinna.31) Sphyrna lewini, however reproduce once ev ery two years. Large litter size (12-38) might compensate for this reproductive strategy and maintain the population sustainable.
The mean age at capture can be estimated by substitut ing the mean carcass weight landed into VBGE in weight. Based on daily sales records at Nan Fan Ao fish market, the mean carcass weight for landed S. lewini in 1989-93 fishing seasons was 65.6 kgs, corresponding to 5-year-old with Chen et al.'s estimate.") If the length of S. lewini fol lowed a normal distribution, nearly 50% of the catch was either younger or older than age 5. Hence, simulation tri als with fishing mortality starting at ages 2, 3, 4, 5, 6, 8, and 10 at present study were reasonable. However, further study on the proportion of sharks subject to age-specific fishing mortality is needed. Since there is no way to estimate fishing mortality at To evaluate the accuracy on the estimates of net reproductive value, generation time or intrinsic rate of natural increase is difficult. However, they all seem sensi ble to demographic parameters that fit with previously pub lished life histories. Hoenig and Gruber9l proposed that statistical relationships between r (day-1) and adult body weight (kg) and generation time (days) could be used to predict these population parameters for elasmobranchs. Our demographic parameters, when converted to daily rates (r=0.000562 day-1, G=2763 days), fit Hoenig and Gruber's9) curve well supporting that our estimates were reasonable.
It is difficult to compare the published estimates of demographic parameters because a variety approaches and assumptions were used by different authors. Demographic parameters obtained in this study for S. lewini are different from many of other species ( Table 9 ). The intrinsic rate of natural increase of S. lewini was 0.205, which was comparable with that of I. oxyrichus (0.11-0.201)*2 and S. tiburo (0.283)16) ( Table 9 ). The higher fecundity, ranged be tween 12 and 38 (mean= 12.9 female embryos), compared with other species and early maturity (4.7 year) might result in this high value.
Cailliet12) reported Ro=4.47 for Triakis semifasciata, which was similar to our estimates of 4.74 for S. lewini without fishing mortality. However, S. lewini has much shorter generation time (7.57 years) than that of T. semifas ciata (22.35 
years).
This demographic analysis has provided useful informa tion for further understanding the life history of S. lewini in the northwestern Pacific. Sphyrna lewini population had a capability of compensation as size at first capture was greater than 183 cm TL with F=0.3/yr (Table 3) . This size corresponds to 3 years old based on Chen et al.'s18) esti mation. Sphyrna lewini population will decline when fish ing mortality (F=0.3/year) started at total length of 144 cm (age 2) or less. This indicated the population could not withstand any extensive exploitation started at young age.
